Thermodynamic and kinetic studies of the interaction of vesicular dipalmitoylphosphatidylcholine with Agkistrodon piscivorus piscivorus phospholipase A2.
The tryptophan fluorescence emission intensity at 340 nm of monomeric phospholipase A2 from Agkistrodon piscivorus piscivorus increased about 70% upon addition of dipalmitoylphosphatidylcholine small unilamellar vesicles (DPPC SUV) at 25 degrees C. The emission spectrum was also blue-shifted 6-8 nm, suggesting that the environment of 1 or more tryptophan residues had become less polar. This effect of SUV on the phospholipase A2 fluorescence was independent of Ca2+ at 25 degrees C, and the apparent association constant for the interaction was approximately 1.7 x 10(4) M-1. The apparent Km for hydrolysis of DPPC SUV was equal to the inverse of the estimated association constant. In the absence of Ca2+, the change in fluorescence intensity decreased with increasing temperature. Thermodynamic analysis of this reversible, temperature-dependent fluorescence change indicated that the A. p. piscivorus monomer phospholipase A2 interacts only with SUV in the true gel phase existing below the pretransition of gel to "ripple" phase lipid in the absence of Ca2+. In contrast, the fluorescence intensity change upon addition of SUV in the presence of Ca2+ was independent of temperature over the range of 25-48 degrees C. Under these conditions, hydrolysis of the lipid occurred concomitantly with the change in fluorescence which could not be reversed by the addition of EDTA. With a nonhydrolyzable analog of DPPC, however, the fluorescence changes upon mixing of SUV, Ca2+, and phospholipase A2 were reversible and temperature-dependent. Thus, the apparent irreversibility of the change in fluorescence observed with Ca2+ and DPPC SUV was correlated with hydrolysis of the vesicles. These results indicate that the magnitude of the initial interaction of enzyme with substrate is reversible, is Ca2+-independent, depends upon the lipid state, and is quantitatively correlated to the maximum rate of hydrolysis.